In a previous paper in these 'Proceedings' (E. C. Hoff, 1932), a report was given of investigations concerning the boutons terminaux which constitute the terminals of nerve fibres around dendrites and perikarya in the central nervous system. It was shown that 24 to 48 hours after section of the afferent roots of the spinal cord of the cat, the boutons undergo degenerative swelling and granulation. This degenerative process reaches a climax in 3 days and ends in the complete destruction of the terminals after 4 to 6 days.* In the present studies, the normal synapses of the monkey have been investigated; further, the phenomenon of degeneration of boutons following section of nerve fibres has been applied as a method for determining the endings of the pyramidal tracts in the cat and the monkey.
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II.-Technique.
Cajal's silver stain [formula (6A), Bolles Lee (1928)], after injection of the fixative in vivo, was used in all the animals. It was found that the technique previously described for the cat cords was successful in the monkey, the only modification necessary being the injection of larger quantities of 10 per cent. chloral hydrate fixative than in the cat.
III.-The Normal Synapse of the Monkey (Macacus rhesus).
Boutons terminaux and boutons de passage occur around dendrites and perikarya in the central nervous system of the monkey as in the cat. Fig. 4  and fig. 6 , Plate 10, show them in the form of tiny loops at the end of nerve fibres. Also, as in the cat, the boutons de passage occur along the course of nerve fibres. The loops in the monkey are more circular than those of the cat and are coarser, somewhat thicker, and more darkly staining. There are scarcely any of the small internal fibrils sometimes seen in the bouton of the cat. As with the cat, so likewise with the monkey, it is not possible to demonstrate any protoplasmic continuity between the terminal and the neurofibrils of the dendrite or perikaryon to which the bouton is attached.
The boutons of the monkey cord show variations in size and density comparable with those of the cat; in Clarke's column, the largest boutons are 3 ,u by 2 3 [t, the average ones, about 2'5 ,u by 2'5 ,u, and the smallest ones, 1 ,t by 1 ,u or even less. The cells here are small, and on each perikaryon there are from 20 to 50 terminals. Thus, there were 32 boutons on a cell-body 15 ,u by 45 ,u, and 30 on one 30 ,u by 14 A. The boutons of the dorsal horn are slightly larger, the average size being about 3 ,u by I 6 ,u. There are many terminals measuring about 1 ,u by 1 * 5 A, also a number of very minute, delicate loops much less than 1 t in length. Farther ventrally in the grey matter, the average size of the boutons becomes somewhat less than in the dorsal horn; for instance, on the cells of the ventro-mesial group, the boutons were from 2 *3 ,u by 1 5 V. to 1 * 4 ,u by 1 ,u. On the cells of all groups of the ventral horn the minute loops under 1 t in size were very common. The average density of the boutons in the ventral horn was about one terminal per 18 2 of cell-or dendrite-surface. In general, there were fewer terminals per v2 in the monkey than in the cat. The monkey upon which these observations were made was only about 18 months old; it is probable, therefore, that it had not yet acquired its full number of synapses.
Boutons occurred not only within the grey matter proper, but, as was the case in cats, they were found also applied to thick fibres in the projections of the grey matter into the ventral columns of white matter. Here, the terminals end presumably around dendrites whose cell bodies lie within the grey matter proper, but no actual case of a dendrite proceeding from a cell into one of these processes, such as was seen in the cat, could be found. Collier and Buzzard (1903) using the Marchi method, studied cords of human patients who had died of transverse lesions of the cord at various levels. From 16 cases examined by this method, they found it possible, in two instances, to demonstrate the terminations of the pyramidal tract. At the level of the tenth, eleventh and especially twelfth thoracic segments, they observed degenerated fibres running from the pyramidal tract directly to the front of Clarke's nucleus, breaking up into fine branches among its cells. They also found it impossible to trace fibres into any part of the ventral horn.
Collier and Buzzard called attention to a source of error in the use of Marchi's stain, in that the distal portions of long, degenerated neurones are apt not to stain-by this procedure. However, Sherrington [(1901) addendum to Griunbaum and Sherrington] showed that in the chimpanzee, lesions of the hand area in the motor cortex resulted in a degeneration of fibre-filaments traceable into the ventral horn of the grey matter of the crossed side, especially in the lowest brachial segments. Later (1917), Leyton (Griunbaum) and Sherrington described these fine degenerated fibres in the ventral horn following various experimental lesions in the motor cortex of the opposite side. By the use of SharpeySchafer's combination of the methods of Marchi and of Kulschitzky, they observed a " peppering " of the whole of the cross-area of the ventral horn of the grey matter with minute degenerated fibres appearing as small dark bodies without axis cylinders, and easily distinguishable from the normal fibres which stained as minute blue-black rings surrounding a pale axis cylinder.
Using the Marchi-Kulschitzky method, it thus became possible to see extremely small degenerated fibres in the grey matter. However, with the aid of Cajal's silver stain, the degeneration of a fibre can be followed further still, in fact, to the actual terminal. The present investigation, therefore, was undertaken to make a more precise determination by this method of the pyramidal tract endings in the cat and rhesus monkey.
B.-The Terminals of the Pyramidal Tract in the Spinal Cord of the Cat.-In a series of seven cats, the cerebral cortex was aseptically exposed under dial anesthesia, and the gyrus cruciatus with a certain amount of the surrounding cortical tissue was completely removed. In each case, the cat recovered and was killed 72 hours after the operation by injection of 10 per cent. chloral hydrate under ether anesthesia. On examination of Cajal preparations of these cords, it was found that the grey matter of the crossed side was peppered with degenerated terminals similar to those previously seen in de-aflerented cats killed 3 days after operation. These terminals were enlarged, swollen and granular, some being greatly elongated while others were nearly circular. An example of a degenerated bouton is illustrated in fig. 7 , Plate 10.
Degenerated terminals occurred in the dorsal as well as in the ventral horn and on cell-bodies and their dendrites. Their distribution is shown in the series of drawings of the cord at various levels in fig. 1, and fig. 2 . (The round black dots indicate the location of perikarya upon which degenerated boutons were found, the triangles indicate dendrites with such terminals, and the crosses, peridendritic degenerated terminals occurring very close to the cell-bodies.) In C1, the degenerated endings are quite evenly distributed over the whole area of the grey matter of the crossed side, and in the ventral horn at this level, there is a preponderance of peridendritic endings. The ventro-mesial group on this side shows very few degenerated boutons, while the uncrossed side is also very sparsely supplied.
In C2, the degenerated terminals are seen principally on cell-bodies. On the crossed side, they occur in the ventral horn, and also in the dorsal horn, particularly on cells in the group indicated in fig. 1 , by X. It is around these cells that degeneration of boutons is especially noticeable after de-afierentation. There are more degenerated boutons on the uncrossed side in this segment than in C1.
C3 and 04 shows the greatest density of degenerated terminals on the crossed sides, as well as the most scattered distribution, but the number on the The distribution of degenerated endings in the monkey is illustrated in the series of drawings shown in fig. 3 . As is indicated here, none are found on the crossed side above the second cervical segment. At 02, however, they are distributed evenly over the entire area of the grey matter on the side opposite the lesion occurring chiefly on dendrites. There is an area of greater density in the dorso-lateral region of the grey matter (indicated in fig. 3, by Y) ; and in 03, almost all of the degenerated boutons were seen on dendrites in this area where they are very dense. In the whole length of the monkey cord, there are hardly any degenerating terminals on the uncrossed side.
In C4, the degenerated boutons are still largely confined to the dorsal horn, with a few terminals in the mid-region and ventral horn. In C5, 06 and C7, however, the distribution of boutons becomes more extensive and they can be seen peppering almost the entire area of the grey matter on the crossed side.
In these segments, the degenerated terminals are principally peridendritic, and most dense in the dorsal horn. Ill In agreement with the previous observations of Sherrington, who discovered that in the chimpanzee the collaterals of fibres from the pyramidal tract ramify amongst cells of the ventral horn, the present investigations show that in the rhesus monkey and the cat these fibres actually terminate by means of synapses upon cells of this region. It is further demonstrated that some of the fibres end in the dorsal horn on perikarya and dendrites, including those upon which the terminals of afferent roots of spinal nerves occur, according to previous observations (Hoff, 1932) . (2) ) on the response in muscles of the forelimb to cortical stimulation. They found that in momkeys (Macacus rhesus, Cercopithecus mona, and Macacuts sinicus) the spinal discharge willfollowrhythmnic stimulation of the cortex at rates as high as about 180 per second. The transmission of such high rates of stimulation from the motor cortex to the responding muscle, together with the small amount of after-discharge, and the prominence of the primary waves in the electromyogram, suggested to these authors a much more direct connection between the excitable cortex and the spinal motoneurone than might have been expected. The present results support this suggestion, but indicate as well that there is also a considerable termination around neurones of the dorsal horn.
This fact that collaterals from the pyramidal tract terminate directly around ventral horn cells offers a histological explanation of Cooper and DennyBrown's observations (1926, (1) and
In the cat, no terminals of pyramidal tract fibres were found to be distributed to cells of Clarke's column. In the monkey, the cortical lesion, being confined to the arm area, may not have been extensive enough to involve those cortical cells whose axones end in Clarke's column, and this may account for the fact that no degenerated boutons were found in this region. However, these observations do show that at least no fibres from the arm area of the cortex in the monkey end here.
The number of pyramidal tract fibre endings in the monkey was found to be definitely greater than in the cat; and further in the former animal they are more densely arranged in the grey matter. There also seem to be both relatively and absolutely fewer endings on the side of the cortical lesion in the monkey than in the cat. In both animals, there are very few terminals in the thoracic region of the cord.
It is possible from these studies to make a rough estimate of the total number of terminals of pyramidal tract fibres in the entire cord. In the case of the cat, the regions from the first to the eighth cervical and the first to eighth post-thoracic segments, a combined length of about 18 cm., there were approximately 24,200 perikarya and dendrites in the crossed side lapon which degenerated boutons were seen, and about 4500 in the uncrossed side. There are, therefore, at least 40,000 boutons in the crossed side and 7TO0 in the uncrossed side which are the terminals of pyramidal tract fibres in the cat. In seven cervical segments of the monkey's cord there are about 16,600 dendrites or cells in the crossed side upon which terminals of fibres from -the cortex occurred, and about 400 in the uncrossed side. This means that, in the cord, there are about 30,000 boutons in the crossed side and only about 800 in the uncrossed side which are terminals of fibres from the arm area of the cortex. (1) The fact that boutons terminaux in the spinal cord degenerate following section of nerve fibres, has been used as a method for determining the endings of the pyramidal tract fibres in the cat and the monkey.
(2) The normal synapse in the monkey resembles that of the cat in consisting of small loop-like boutons terminaux and boutons de passage occurring around perikarya and dendrites of the cord.
(3) The cats killed 3 days after removal of the motor cortex of the cerebral hemisphere show degenerated boutons in the cord. These occur on the crossed side on practically all cell groups except the ventro-mesial group and Clarke's column. On the uncrossed side the degenerated boutons are found as widely scattered but are less numerous. These degenerated terminals occur in all of the cervical and post-thoracic segments in large numbers, but only a few were seen in the thoracic region.
(4) In a monkey in which the major portion of the arm area of the motor cortex of one hemisphere was destroyed, there were found, in the second to the eighth cervical segments, degenerated boutons similar to those of the cat. On the crossed side they were thickly distributed on both the dorsal and ventral horns, but occurred very sparsely on the uncrossed side.
(5) These studies are in agreement with Sherrington's discovery that fibres from the pyramidal tract ramify around ventral horn cells in the cord of the chimpanzee. They show that in the cat and the monkey, the pyramidal tract fibres actually terminate by means of boutons around ventral horn cells. This fact confirms histologically the suggestion of Cooper and Denny-Brown that the connection between the motor cortex and the spinal motoneurone is very direct, probably involving only one synapse. In addition to the terminals found on the ventral horn cells, many others were seen on cells of the dorsal horn.
(6) On the basis of these investigations, it is roughly estimated that the number of boutons in the cat's cord which are terminals of pyramidal tract fibres is about 40,000 in the crossed side, and 7500 in the uncrossed side; in the monkey, the fibres from the arm area of the motor cortex terminate by means of approximately 30,000 boutons in the side opposite the lesion and only about 800 in the unerossed side. 
